A study has been made of the 1 H NMR spectra of peracetylated -glucopyranosides and -arabinopyranosides obtained by reaction of D-and L-glucoses, and L-and D-arabinoses with either (R)-or (S)-2-octanols. The obtained and literature data show that 1 H NMR spectra may be used to determine the absolute configuration of the aglycone moieties of some alicyclic glycosides without the need to synthesize derivatives with chiral reagents, as long as the absolute configuration of their monosaccharide moiety is known or vice versa. Spectra of marine steroid glycosides and their acetates containing glycosylated side chains as alicyclic fragments were also examined. It was shown that analysis of 1 H NMR spectra for the determination of the absolute configuration is more applicable in the cases when glycosides have the same substitution in the D-ring of the aglycone moiety.
Determination of absolute stereochemistry is a key stage of natural products structure elucidation. One widespread approach to solve this problem consists of the chemical transformation of the compound with asymmetric reagents, followed by analysis of the NMR spectra of the obtained derivatives. For example, the well known Mosher's method is based on comparison of the NMR spectra of (R)-and (S)-2-methoxy-2-phenyl-2-(trifluoromethyl)acetates (MTPA-esters), products of the reaction of chiral secondary alcohols with MTPA-chlorides [1a-1c] .
However, sugars, as components of conjugated natural products such as glycosides, may also be considered as chiral substituents. In a continuation of our studies on natural products [2a,2b] we have analyzed the possibility for determination of absolute configurations of aglycones of some alicyclic natural glycosides using regularities in their 1 H NMR spectra without the need of producing derivatives with chiral reagents. Taking into account that to produce 1 H NMR spectra requires only a small amount of product, this approach should also lend itself to the study of minor secondary metabolites.
Analyses of 1 H NMR spectra of monoglycosides of epimeric aglycone moieties have been carried out. For instance, Seo et al. [3] studied the spectra of glycosides of different chiral alcohols and, after synthesis of their and -D-glycosides, showed that the 13 C chemical shifts could be used for the determination of absolute configurations. Later, this group analyzed the 1 H chemical shifts in spectra of tetra-O-acetylglycosides of (R)-and (S)-secondary alcohols. As a result, a method for their absolute configuration was proposed involving tetra-Oacetylglycosylation of the corresponding alcohols, followed by analysis of the NMR spectra [4a] . Recently a study of α-glycosides, obtained from 2-butanols, used NOESY spectra for determination of their absolute configurations [4b] . The influence of glycosylation on the 13 C chemical shifts in spectra of glycosides, oligo-and polysaccharides was studied by .
In order to examine regularities in the 1 H NMR spectra of natural glycosides with respect to their application in absolute stereochemical determination, we obtained a series of enantiomeric peracetylated (R)-and (S)-2-octyl-βglucopyranosides and (R)-and (S)-2-octyl-arabinopyranosides belonging to the D-and L-series and carried out analysis of their 1 H NMR spectra in CDCl 3 . Glycosides 1-6 were obtained by reaction of either D-or L-monosaccharides with an excess of the corresponding 2-octanols in the presence of a trace amount of TFA, followed by acetylation. Further, we marked these compounds as, for example, D-β-Glc-R, L-α-Glc-R or even D,R, D,S, implying that R or S indicates configuration of NPC Natural Product Communications 2011 Vol. 6 No. 5 673 -676 the asymmetric center of the aglycone moiety. Isolation of pure peracetylated glycosides was carried out by column chromatography on silica gel, followed by HPLC. Their structures were confirmed by HRESI MS and 1 H NMR spectroscopy. The presence of either β-glucoor αarabinopyranosyl fragments in the isolated compounds was established by comparison of their NMR spectra with those of the corresponding methyl gluco-and arabinopyranosides [4f,4g] . In addition, there were signals for CH 3 -8 at 0.88 (t), and a polymethylene unit at 1.25 ppm. Characteristic chemical shifts in the 1 H NMR spectra of 1-6 are given in Table 1 . Analysis of the spectra of 1-6 showed an influence of the peracetylated monosaccharide residue on the chemical shifts of the aglycone moiety, namely on those of H-2 and the CH 3 -1 signals. As expected, the spectra of 1 and 3, and 2 and 4 were identical to each other. However, comparison of 1 (or 3) and 2 (or 4) with each other indicated that the low field shift of a signal of the methyl group in the β-D-glucopyranoside of (S)-2-octanol (2) differed in comparison with that of (R)-octanol (1), with an Δδ D,R-D,S = -0.126 ppm. The signal for H-2 is low field shifted in the spectrum of the D,R-isomer (1), when compared with that of the D,S-isomer (2) (Δδ D,R -D,S = +0.06 ppm).
Analysis of literature data gave similar results. For example, comparison of the 1 H NMR spectra of the D,Rand D,S-β-tetra-О-acetyl-D-glucopyranosides of 2-butanols in CDCl 3 [4a] shows that the H-2 signal in the spectrum of the β-D,R isomer is observed at low field, when compared with that of the D,S-isomer (Δδ D,R-D,S = +0.07 ppm). On the contrary, the CH 3 -1 signal for the D,R-glycoside is observed at high field in comparison with that of the D,S-isomer (Δδ D,R-D,S = -0.12 ppm). Signals for H'-1 showed Δδ D,R-D,S = -0.01 ppm, like those in the spectra of 1 and 2. Closely related data were obtained by comparison of the spectra of α-L-arabinosides 5 and 6 (for methyl group signal Δδ L,R-L,S = -0.127, for H-2 signal Δδ L,R-L,S = + 0.061 ppm)
Recent studies on peracetylated glycosides (7, 8) from Physalis peruviana berries [4h] also confirm regularities in chemical shifts of protons at the asymmetric center of the aglycone and a vicinal methyl group in these epimeric glycosides similar to those found in 1-6. Both 7 and 8 contain the same carbohydrate chain with D-glucopyranose as the first monosaccharide attached to the asymmetric carbon in the aglycone moieties. These glycosides differ from each other in their asymmetric center configurations of the aglycones. Diagnostic, in our opinion, chemical shifts in their NMR spectra (CDCl 3 ) are shown in Figure 2 . Indeed, these chemical shifts are completely in congruence with trends in the low field shifting of a signal of a terminal methyl group in the spectrum of glycosides with an S-configuration in the aglycone (for example, 2 and 8), when compared with that having an R-configuration (1 and 7), and vice versa in relation to a signal for the proton at its asymmetric center. Some slip in all these signals compared with the signals in the spectra of 1 and 2 is probably connected with the presence of a carbonyl group in the aglycones of 7 and 8.
It is known that D-gluco-and L-arabinopyranosides mostly occur in the 4 C 1 and 1 C 4 conformations, respectively. Obviously, the influence of aglycone stereochemistry in the spectra of alicyclic glycosides on chemical shifts of protons at the asymmetric center of the aglycone and flanking groups is a result of the different stabilities of the numerous rotamers forming by rotation round the glycoside bonds. The effects observed in the spectra of 1-8 and in those of related glycosides might be explained by the maximal stability of a rotamer, in which substituents at the asymmetric carbon in the aglycone moiety provide minimal steric hindrance of the monosaccharide moiety. Therefore, the hydrocarbon chain of a large substituent at this asymmetric atom must occupy the most outlying position from the carbohydrate moiety in this rotamer. In Absolute stereochemistry of acyclic glycosides Natural Product Communications Vol. 6 (5) 2011 675 Figure 3 : Newman projection of prospective stable rotamers in compounds 1 and 2 (the front atom is C-2, the back atom is C-1΄) this case, either a middle substituent (methyl group in our case) or a small substituent (proton) can be positioned not so far from oxygen atoms of the monosaccharide and glycoside bond in dependence of the configuration of the aglycone asymmetric carbon. This explains the observed shifts of the proton signals in the spectra of 1-8 (see Figure  3 with Newman projections of the corresponding rotamers in 1 and 2).
We suggest that the absolute configurations of aglycones in acetylated glycosides similar to the alicyclic aglycones 1-8 can be easily recognized using only the chemical shifts of the methyl group and methine proton at the asymmetric center of the aglycone moiety without hydrolysis and the need to obtain derivatives using chiral reagents when the absolute configurations of the sugars are known.
We think that the configurations in numerous marine glycosides containing carbohydrate moieties attached to an alicyclic fragment (so-called side chain) in their steroid aglycones, especially glycosides isolated from starfish, may also be analyzed in the same manner. These glycosides contain usually either D-xylopyranose or methylated D-xylopyranoses attached to C-24 of the aglycones [5,6a,6b] . The molecular structure of one them, namely, 3,24R-di-(O--D-xylopyranosyl)-5cholest-22-ene-3,6,8,1524-pentaol from the starfish Distolasterias nipon was earlier studied by us using X-ray analysis [6c]. The conformation of the glycosylated side chain (9) in this compound, established by X-ray analysis, corresponds to our suggestion concerning the most stable rotamer, having minimal spatial contacts of substituents at the asymmetric carbon with the carbohydrate moiety. This conformation is closely related to a conformation proposed for glycosides having the S-configuration for the asymmetric center in an alicyclic moiety. Actually, the presence of a 22(23)-double bond in 9 changes the anteriority of substituents at the asymmetric center C-24, and the corresponding compounds with saturated side chains have an S-configuration at C-24. The sugar unit in 9 is turned by its intracyclic oxygen in the same direction as the glycoside oxygen. As a result, although both these atoms are positioned almost at the same distance from C-23 and C-24 (large and middle substituents), the proton at C-24 is anti-oriented to the oxygen atom of the sugar (Figure 3 ). It could be suggested that this signal in the spectrum of an epimeric C-24 glycoside should be sensitive to a change in C-24 configuration and to be shifted downfield, if the most stable conformation of the side chain is not changed. Earlier, we isolated steroid monoglycosides 10-11 from the starfish Asterias rathbuni [7a] . 24S-Configurations were proposed for both glycosides. Comparison of their NMR spectra in C 5 D 5 N showed that the chemical shifts of the C-24 carbon were almost identical to each other in the spectra of 10 and 11. However, the H-24, H-25 and CH 3 -26 and CH 3 -27 signals were slightly different (= 0.03-0.06 ppm) in their 1 H NMR spectra (Table 2) . These compounds have different configurations of the hydroxyl group at C-15 in ring D. It may be concluded that it would be better to compare the NMR spectra of glycosides having the same substitution in ring D for the determination of the absolute configurations at C-24 of glycosides of this series. The acetylated derivatives of rathbunioside R 1 (12) [7a] and distolasterioside D 1 (13) [7b], both with proposed 24S-configurations and having the same ring D structures, were studied by 1 H NMR spectroscopy, including 1 H-1 H-COSY. Their H-24 chemical shifts were identical. The proton signals of the flanking groups are almost identical in the spectra of 12 and 13 (Table 2) .
Therefore, our data show that the 1 H NMR spectra of alicyclic peracetylated glycosides are sensitive to changes of configuration at the asymmetric center of alicyclic aglycones and may be used for the determination of absolute configurations at this atom, if the absolute configuration of the sugar attached to them is known or vice versa. 
Preparation of peracetylated octylglycosides:
The corresponding monosaccharide (10 mg) and 1 mL of (R) or (S)-2-octanol with a trace amount of trifluoroacetic acid were heated at 130  C for 16 h in a sealed ampoule. After evaporation of octanol in vacuo, the residue was treated with acetic anhydride (1 mL) and dry pyridine (1 mL 411.19894; found: 411.19992 .
Acetylation of glycosides:
Rathbunioside R 1 , 10 [7a] and distolasterioside D 1 [7b] were acetylated with pyridine and acetic anhydride in the usual manner, and purified by CC on silica gel KSK using n-hexane-ethyl acetate (1:1).
Peracetate of rathbunioside R 1 (12)
Amorphous solid, 1 Н NMR: see Table 2 .
[] D = -13 o (c 0.6, MeOH).
Peracetate of distolasterioside D 1 (13)
[] D = -2.9 (c 0.1, MeOH).
